The study of W UMa binary systems give a wealth of information about its nature as well as about its parent body (if any), like clusters. In this paper, we present the I passband photometric solutions of four W UMa binaries in the open cluster Berkeley 39 using the latest version of W-D program. The result shows that, two binary systems are W-subtype W UMa binary systems and another two systems are H-subtype W UMa binary systems. No third body is found in any of the four systems. We found a correlation between the period and mass-ratio as well as temperature and mass-ratio for the respective variables which is similar to the relationship between mass ratio and total mass of the contact binaries as shown by van't Veer (1996) and Li et al. (2008) .
INTRODUCTION
The old open cluster Berkeley 39 is located in the direction of the galactic anti-centre (α 2000 =7 h 46 m 48 s , and Be 33 (Rukmini & Vivekananda Rao 2002 , Rukmini et al. 2005 . From the analysis performed on these systems, it was found that the mass-ratios were close to unity and in one case greater than unity (Rukmini & Vivekananda Rao 2002 , Rukmini et al. 2005 . A detail spectroscopic observation was suggested to know the true nature of these objects. The aim of the present paper is to derive the photometric elements of the selected four W UMa systems discovered in Be 39 using the latest W-D program and compare with the binaries studied in other clusters. Further it is also aimed to explored the possible correlation from the derived parameters.
DATA AND ANALYSIS
The observations were carried out by Kaluzny et al. 1993 at the Las Campanas Observatory using the 1.0 m Swope telescope with 1k X 1k CCD in I passband along with B and V passbands on the last day of the observation cycle. The data was collected on the following six days in November (1990 Nov 29) , December (1990 Dec 1, 2), January (1991 Jan 1, 29) and February (1991 Feb 26) . We have used the I passband data published in that paper to obtain the photometric parameters of the respective systems (V1,V4,V7 and V8).
Further observations of the cluster were carried by the same group during 1992/1993 and they discovered new variable stars along with previous ones. Out of the total 17 variable stars discovered in Be 39 12 variables belongs to EW type, 3 of EA type, 1 is δ Scuti and 1 is EB type. Kaluzny et al. (1993) have found that, four variables are blue stragglers which mimics the light curves of W UMa type binaries (V1, V2, V10, V12).
The observed data of selected variables in cluster Be 39 are plotted to obtain the respective light curves (see Fig 1) . All of them have amplitude greater than 0.4. The phase of the variables were calculated using the accurate periods published in Mazur et al. (1999) .
PHOTOMETRIC SOLUTIONS
The photometric solutions were obtained by using latest Wilson-Devinney program with an option of nonlinear limb darkening via a square root law along with many other features (Wilson & Devinney 1971 , Van Hamme & Wilson 2003 . The visual inspection of these variables resembles W UMa type nature variability and hence mode 3 was used in the program. The parameters adopted in the solutions are as follows:
the effective temperature for star 1 is taken on the basis of un-reddened B-V values published by Mazur et al. (1999) and using the Allen's table (2000) . The secondary component effective temperature (T e,c ) was Since no spectroscopic observations are available for the variables, We had to constrain the most important parameter mass-ratio q=m2/m1. In order to find the best value of mass-ratio, we executed the code for
various assumed values of mass-ratio keeping in the mind that the surface potential (Ω h =Ω c ) also changes with respect to mass-ratio. Initially all the parameters were fixed as mentioned above, except q and i which the DC program was executed to obtain the minimum ΣW(O-C) 2 . After performing several computational runs, we found the best mass-ratio value for the respective light curves. The Table 1 show the values of Σ for different combinations of q and i.
After obtaining the best set of q and i, the DC program was executed to obtain the values of the following parameters i.e. inclination (i), secondary component temperature (T e,c ), surface potential (Ω) and monochromatic luminosity of primary component (L h ), third light parameter (L 3 ) and limb darkening co-
The program was executed till the sum of residual ΣW(O-C) 2 attained a minimum.
The result of the final analysis are shown in Table 2 . Using the final parameters given in Table 2 , theoretical light curves were computed using the LC program of Wilson-Devinney and the fits are shown in Fig 1. The quality of the fits were checked by performing chi square (χ 2 ) test on the ΣW (O − C) 2 values obtained and the confidence level were found to be about 95% for all the four variables.
DISCUSSION AND RESULT
The study of W UMa variable systems present in clusters are important in-order to understand the underlying physics of there formation and also provides some information of the parent cluster. In this paper, we have analyzed four eclipsing variables present in old open cluster Berkeley 39. We used the latest W-D program to derive the photometric solutions. The result on each of the system is discussed below.
Variable V1
The proper sinusoidal variation of the light curve indicate towards W UMa type binary nature. The period of the system is around ∼0 d .4052 and B-V=0.66 which corresponds to G5 spectral type (Kaluzny et al. 1993 , Mazur et al. 1999 . The maxima and minima are not the same in the I passband and the difference is 
Variable V4
The observed and theoretical light curve suggest that the variable is W type W UMa binary system. The period of the system is around 
Variable V7
The period of the W UMa binary system is around ∼0 Csizmadia & Klagyivik (2004) . The H-subtype classification of contact binaries is the result of luminosity ratio vs energy transfer parameter study and it was found that the energy transfer rate is less efficient when compared to other contact binary stars (Csizmadia & Klagyivik 2004) . Qian (2001) has studied 30 W type W UMa binary systems and found that if mass-ratio q>0.4 then the period increases and if q<0.4 the period decreases with respect to mass-ratio. This result is explained by the contact configuration of the systems is due to variable angular momentum loss (AML) mechanism and thermal relaxation oscillation (TRO) cycle (Qian 2001) . Since the result is based on a small sample, it cannot be extended to other W UMa contact binary systems and if it is a real effect then theoretical interpretation is needed.
In our study of variables in the open cluster Be 39, four W UMa systems (two W-subtype and Hsubtype) have mass-ratio greater than 0.4 suggesting that they are in period increasing phase according to Qian (2001) . It was found that for all the W-subtype W UMa systems the period increases along with temperature (Rucinski 1998) . Our results indicate that mass-ratio is increasing along with the period of the respective binary systems. We have looked for the light curve solutions of W UMa type contact binaries (Csizmadia & Klagyivik 2004 ) whose periods are small (<0. d 28) and posses relatively high mass-ratio value (q>0.55) and we found that there are total 7 W UMa type systems out of which 4 are H-subtype and remaining are W-subtype. The V1 variable in NGC 6791 (Rukmini et al. 2005 ) also falls in this category (period 0. d 2677 & mass-ratio, q*=0.83). For all these W UMa systems, the mass-ratio increases along with the respective period (Fig 2) . The derived photometric mass-ratio of three variables i.e V4, V7 & V8 (V1 is not the member of the cluster) and CMDs published by Mazur et al. (1999) show a correlation between temperature and mass-ratio viz. the temperature increases along with the mass ratio for the respective variables. The fractional change in the mass-ratio is about ∼ 11 percent for a fractional change of ∼ 16 percent in temperature of the primary component of the respective variable. The mass ratio q changes from 0.68 to 0.76 for a temperature change of 4652 K -5507 K, which is consistent with the study carried out by Rucinski (1998 ) (see Fig. 4, Fig. 5 & Fig. 6 in Rucinski (1998 ). The relationship between mass ratio and orbital period and a relationship between the effective temperature and mass ratio for variables in cluster
Be 39 are similar to the relationship between mass ratio and total mass of the contact binaries as shown by van't Veer (1996) and Li et al. (2008) . To confirm the photometric mass ratio of the variables in Be 39, 
